Background: Renin-angiotensin-aldosterone system (RAS) blockers are commonly used for cardiovascular diseases. Currently, little information exists for the Asian population on angioedema, a rare yet serious adverse event.
Introduction
Renin angiotensin system (RAS) blockers are drug classes with proven benefits for various cardiovascular and renal diseases such as hypertension, post myocardial infarction, heart failure and kidney diseases. 1 There are four classes of drugs classified as RAS blockers including angiotensin converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), aldosterone antagonists (AA) and direct renin inhibitors (DRI). In general, these drugs are very well tolerated with the exception of angioedema, a rare yet potentially serious adverse event. RAS blockers-associated angioedema (RASBA) is an abrupt and short lived swelling in deep dermal, subcutaneous and/or mucosal levels. 2 Unlike other forms of angioedema, RASBA is non-allergic in nature and more frequently localized in the head and neck area, especially face, lips, tongue, mouth, pharynx, larynx, or periorbital region. 3 In certain cases, clinically significant upper airway obstruction may ensue which can be life-threatening and sometime even fatal. 2, 3 Although the exact mechanism underlying this reaction is still unclear, bradykinin is believed to play an important part in the pathogenesis of this adverse event. Initially thought to occur only with ACEI due to its ability to directly potentiate bradykinin action, reports of angioedema associated with the use of ARB and DRI have surfaced soon after the introduction of these agents in clinical practice. 4, 5 Data from various studies reported an incidence of RASBA in the range of 0.25 -2.5%. [6] [7] [8] Several risk factors have been identified including race (African descendants), age > 65 years, smoking, female sex, a history of hereditary, acquired or idiopathic angioedema, history of allergy, uses of certain drugs (aspirin, non-steroidal anti-inflammatory drugs or NSAIDs, beta-lactam antibiotics, dipeptidyl peptidase IV or DPP-IV inhibitors, immunosuppressants) and respiratory tissue trauma. [9] [10] [11] [12] [13] [14] [15] Most angioedema cases occurred within the first month of treatment initiation. 7 However, there are reports of RASBA that occurred months, years or even decades after treatment which made diagnosis of RASBA quite challenging. 16, 17 Incidence of respiratory complications varied from 10-22 % from different reports. 7, 17, 18 In recent years, exponential growth of RAS blockers usage is evident worldwide. [19] [20] [21] This, in turn, results in increasing number of RASBA along with increasing hospitalization, healthcare resource consumption and loss of lives. [19] [20] [21] Despite its seriousness, increasing importance and increasing usageof RAS blockers in Asia, there is very limited information regarding RASBA in the Asian population. Currently, available information is limited to case reports, case series or studies with too small sample size to be meaningful. [22] [23] [24] Considering large population exposed to RAS blockers, more information is required to better understand this rare yet important adverse event among threatening the Asian population. This study therefore aimed to describe the patterns of RAS blockers use, patient characteristics, and outcomes among cases reported with angioedema in the Thai population.
Methods

Data source
Relevant data from 1984 to 2011 was extracted from the Health Product Vigilance Center (HPVC) database (called "Thai Vigibase"), the national pharmacovigilance database of Thailand. Thai vigibase is under the direct supervision of HPVC which was established in 1983 under the Thai Food and Drug Administration, Ministry of Public Health (http://thaihpvc.fda.moph.go.th). The HPVC has been collecting and managing case reports submitted from spontaneous reporting systems, intensive monitoring programs, and clinical trials nationwide since 1984. Currently, HPVC has a network of more than 900 public and private hospitals and health service centers and now contains over 500,000 reports from across the nation.
Inclusion criteria
To be included in this study, a case had to 1) receive any RAS blockers either as a suspected or concomitant drug and 2) contain any terms related to angioedema. The World Health OrganizationAdverse Reaction Terminology (WHO-ART) was used to determine the presence of angioedema. Those terms include angioedema, angioneurotic (o)edema, angioneurotic (o)edema aggravated, Giant urticarial, Giant hives, Qunicke's (o)edema, larynx (o)edema, face (o)edema, (o)edema periorbital, urticaria. For cases identified as having urticaria, such cases were included only if the description of cases identified head and neck as area of involvement. All products containing RAS blockers in Thailand were included in this study. They were angiotensin converting enzyme inhibitors (captopril, enalapril, lisinopril, ramipril, quinapril, perindopril, fosinopril, delapril, imidapril and cilzapril), angiotensin receptor blockers (losartan, irbesartan, valsartan, candesartan, eposartan, telmisartan and olmesartan), aldosterone antagonists (spironolactone) and direct renin inhibitor (aliskiren).
Data extraction
From each identified unique HPVC number, a detail information of basic patient's demographic, history of allergy, co-morbidities, history of any RAS-blocker intolerance, both suspected and concomitant drugs, dosage, dosing regimen and duration of use prior to adverse event, site of angioedema, seriousness of angioedema, presence of respiratory involvement, management and outcome were obtained. Furthermore, effect of re-challenge, causality assessment and the quality of reports were extracted from reports when available. Causality assessment was classified as "certain", "probable", "possible" and "unlikely". Health professionals carried out the assessment at the time of report submission. The assessment for the quality of reports was done by the HPVC using the modified WHO-Uppsala Monitoring Center (WHO-UMC) documentation grading. 25 
Data analyses
Descriptive statistics were used to describe patients' characteristics. Percentage for each type of RAS blockers usage, mean daily doses, onset of adverse events, affected areas, seriousness of events, clinical outcome and the quality of reports were also analyzed descriptively. Subgroup analysis was performed to compare characteristics between patients with and without respiratory complication. Statistical significance was tested using chi-square or t-test statistics. Odd ratios were calculated where appropriate. The data were manipulated and analyzed using STATA version 12.0 (StataCorp, College Station, Texas).
Results
A total of 1,369 cases were extracted from the HPVC database using the screening criteria (usage of at least one RAS blockers plus at least one adverse event term related to angioedema). After case record validation, 474 cases were excluded; 3 cases for miscoding of drug names and 471 cases for adverse event term "urticarial" in areas other than face and neck. Therefore, 895 cases were included into data analysis. Among these cases, angioedema (55.7%) was the most common term used for reporting followed by face edema (39%), edema periorbital (11.2%), edema mouth (7.5%), angioneurotic edema (0.4%), facial urticarial (0.5%) and tongue edema (0.2%). Number of reports increased exponentially with time. Table 1 . Age ranged from 1-98 years, with a mean (+ SD) age of 59.9+12.8 years. Female was the predominant gender (66.5%). Hypertension (55.6%), diabetes mellitus (7.6%) and dyslipidemia (7.5%) were the three most common comorbidities. History of drug allergies was documented in 137 cases (15.3%) with 6 cases (0.7%) having previous history of adverse reaction to RAS blockers. Interestingly, 2 out of these 6 cases received enalapril despite having previous history of angioedema to the same drug. The other 2 cases were switched to different classes of RAS blockers and angioedema reaction appeared.
Angiotensin converting enzyme inhibitors (ACEI) were the most commonly implicated drug class (87.7%) with enalapril (83.3%) as the predominant agent (mean dose of 10.1 + 9.8 mg/day). Among angiotensin receptor blockers (ARB), losartan (5.7%) with mean dose of 56.4 ± 37.8 mg/day and valsartan (2.6%) with mean dose of 86.2 ± 58.6 mg/day were the two most commonly implicated agents. Angioedema due to aldosterone antagonist (spironolactone) was found in 19 patients (2.1%). There were also 2 case reports (0.2%) of angioedema with aliskiren. RAS blockers monotherapy was prescribed in 176 patients (19.7%). Among the concomitant drugs, the top five most common drugs were hydrochlorothiazide (22.8%), aspirin (19.9%), amlodipine (15.6%), simvastatin (15.2%) and metformin (12.1%). NSAIDs and beta-lactam antibiotics were used as concomitant drugs in very small number of cases. None of the cases received any DPP-IV inhibitors. Causality assessment was mostly classified as probable (65.8%). Regarding the quality of reports, most were graded at quality level 2 (63.6 %). The patterns of angioedema events and outcomes are shown in Table 2 . Approximately half of angioedema cases occurred within the first week of treatment initiation. Angioedema report during the second week through the first 6 month sharply decreased but remained evident. However, reports of angioedema from patients receiving RAS blockers for more than 6 months were small and sporadic. There was one case report where the patient had an event after taking ACEI for 9 years. The most commonly affected areas were face (41.3%), periorbital region (13.6%) and mouth (9.7%). However, details of area involvement were not reported in almost half of the cases (48.8%). Among 895 cases, 46 patients (5.1%) were documented as experiencing respiratory involvement. While the majority (80.5%) of reported events was classified as non-serious, 18.4% (165/895) were classified as serious. Among those with serious events, 87% (144/165) required either hospitalization or prolongation of hospital stay. Overall, there were 4 dead cases (case fatality rate of 0.4%). Since aspirin and NSAIDs are known causes of angioedema and may increase the risk of angioedema development when used in combination with RAS blockers, separate analyses were performed comparing cases with or without aspirin/NSAID use using multivariate logistic regression. However, we were unable to identify significant differences on any parameters of interest.
Since one of known serious consequences of angioedema is airway obstruction, we therefore performed a subgroup analysis comparing cases with versus without respiratory involvement. (Table  3 ) Patients with respiratory involvement were significantly younger (53.4 + 13.9 vs 60.3 + 12.7 years old; p-value = 0.002) and with more frequent previous history of drug allergy (26.1% vs 14.7%; pvalue = 0.032). Onset of angioedema tended to occur faster with a borderline significance (average time to event; 20.5 days vs 108.7 days; p-value = 0.053). Cases with respiratory involvement had significantly higher rate of face, mouth or tongue as one or more of the affected areas compared to those without respiratory involvement (p = 0.032). Most importantly, the event had a significantly higher probability of being serious (37.0% vs 17.4%; OR: 2.7; 95%CI: 1.3 -5.3, p < 0.001). However, there were no fatal cases in the group with respiratory involvement.
Based on multivariate logistic regression analysis with gender, underlying diseases and aspirin or NSAIDs use in the model, previous history of drug allergy was independently associated with the risk of respiratory involvement (OR: 2.23; 95%CI: 1.04 -4.78, p = 0.041). 
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Discussion
To the best of our knowledge, this study is the first of its kind to characterize RASBA using pharmacovigilance database from Asia. Findings from this study provide useful information on this rare yet serious adverse event. Results from this study lend support to previous studies suggesting that female sex had a higher tendency to experience RASBA. 2, 6, 8 Although there is no clear and universally accepted explanation for this phenomena, estrogen was proposed to be a part of potential factors due to its ability to increase gene expression of pre-kallikrein or bradykinin type 2 receptor and decrease gene expression of angiotensin converting enzyme. [26] [27] [28] The overall effect is therefore potentiation of bradykinin, a potent vasodilator believed to be a key player in the pathogenesis of RAS-blockers related angioedema. Nevertheless, such sexual preference is not overwhelming and caution should be equally taken when both sexes are prescribed RAS-blockers.
Consistent with previous findings, ACEI is the most frequently implicated drug class in our study followed by ARB. Enalapril and losartan were the most commonly reported agents of each drug class in our report. This was most likely due to their widespread use in Thailand as the main representative of ACEI and ARB listed in Thailand's National Essential Drug Lists. Despite being on a market for a relatively short time, there were two reports involving aliskiren monotherapy suggesting that angioedema could potentially occur with this agent. This finding is consistent with a previous study which suggested that aliskiren can cause angioedema to a larger extent than ARB but to a lesser extent than ACEI. 29 We also found 19 cases of angioedema in patients receiving spironolactone in which reaction occurred after spironolactone initiation. Nevertheless, spironolactone has never been implicated as an important cause of angioedema despite its long history of use. In addition, plausible biological theory that could substantiate this reaction is still lacking. Combined with the inherent limitation of pharmacovigilance study to identify cause and effect relationship, one should not conclude that spironolactone was the true cause of angioedema in these cases. Therefore, this finding needs to be taken with caution and require further investigation and validation.
Since ACE inhibition leading to bradykinin potentiation is believed to be the main mechanism of angioedema, occurrence of angioedema with ARB and aliskiren that are devoid of ACE inhibition may require further explanation. A recent study conducted among hypertensive patients indicated that treatment of losartan led to a 2-fold increase in plasma bradykinin level. 30 Initial pharmacodynamic studies with aliskiren reported no effect on bradykinin plasma levels. 31 However, recent studies suggested that aliskiren was capable of increasing bradykinin level in certain tissues and leading to activation of bradykinin B2 receptors. 32 Recent analysis of the US Adverse Event Reporting System (AERS) using Multi-item Gamma Poisson Shrinker data mining algorithm suggested that aliskiren was associated with angioedema (empiric Bayes geometric mean or EBGM value of 3.9, 95% CI: 3.2-4.7). 5 Based on the fact that this is a rare event, it is therefore proposed that RAS-blockers may facilitate angioedema in predisposed individuals rather than cause angioedema independently. 3, 10 Several genetic polymorphisms have recently been identified to associate with increased risk of angioedema which may lend support to this theory. 11, 16, 33 For angioedema reaction, many aspects of our findings are consistent with previous studies. We found that angioedema onset was highest in the first month after initiating the treatment. [6] [7] [8] However, delayed reaction was also identified in our study similar to previous studies. 16 Face, periorbital and mouth are the most associated area with RASBA like those reported in previous studies. Interestingly, presence of respiratory involvement in our study was only 5.1% which is lower than the 10-22% reported from various studies. 7, 17, 18 Possible explanations are differences in study design, missing information from the reports about such complications and potentially less respiratory complications in Asian subjects. Nevertheless, this issue requires further study.
Of importance note, we found that up to one fourth of cases experiencing respiratory complications had previous history of allergy. This is consistent with previous studies and suggests that previous history of allergy is an important risk factor for serious angioedema. 7, 17, 18 Based on this finding, patients with history of allergy should be closely monitored when a RAS blocker is initiated.
Cross-reactivity is another important concern when prescribing RAS blockers. Previous studies suggested that cross-reactivity occurred in less than 10%. 34, 35 In our study, 2 out of 6 patients with previous history of enalapril-induced angioedema, suffered serious life-threatening events when enalapril was rechallenged. Another 2 cases with history of rash, one from enalapril, another from valsartan, were switched to losartan and enalapril, respectively. Both cases suffered angioedema. Based on this finding along with previous studies, switching a patient who is intolerant to other RAS blockers should be considered only when the benefit strongly outweighs the risk. In addition, close monitoring must be implemented after switching occurs.
Several limitations exist in our study. Firstly, we were unable to identify the true incidence of RASBA among RAS blocker users which would give us ability to perform comparative analysis with similar data from other Western countries. Since Thailand has an open drug distribution system, it is therefore impossible to calculate number of prescription or population exposed to a drug accurately. In addition, underreporting of adverse event is one of the major issues of HPVC database especially in the early years of development. Nevertheless, a clear trend for increasing number of angioedema reports in our study may suggest exponential growth in both numbers of prescriptions for RAS blockers along with improved compliance of healthcare personnel toward spontaneous reporting system. Similar to other pharmacovigilance studies, limited quality of reports, especially incomplete data, may also affect our analysis. We were unable to collect certain data that have been shown by others as being important risk factors such as detailed smoking status, a history of hereditary, acquired or idiopathic angioedema, history of major operations such as transplantation or respiratory tissue trauma. In addition, information on area of involvement was missing in almost half of all reports. Based on this finding, attempt must be made to improve completeness of reporting in the future.
For case identification, there are two key issues that one must consider when reading this report. First, we used WHO-ART for angioedema as one of the key criteria. Among those terms associated with angioedema, "urticarial" was included. In general, RASBA is not associated with urticaria since the reaction is a kinin-dependent rather than IgE mediated allergic reactions. 3 Therefore, we manually reviewed every case identified as having urticaria and included the case only if the description of cases identified head and neck as area of involvement. In the end, there were only 5 out of 476 of urticaria cases that were included in our data analysis. We believe that such screening help prevent contamination of cases that were not angioedema effectively.
Second, we decided to include all cases whether RAS blockers were listed as suspected agents or concomitant drugs. The main reason for this is to avoid any reporting bias. Based on the natural course of RASBA where a reaction can occur months or years after treatment, RAS blockers are often overlooked as a cause of angioedema. As a result, it is therefore prudent to err on the side of safety in our opinion. Nevertheless, we did a separate analysis of cases that only listed RAS blockers as suspected drugs. Every aspect of the results in such analysis was identical to the overall analysis. Therefore, we believe that our decision did not affect any of our findings.
Conclusion
Our study helps characterize the nature of RASBA in a developing Asian country where no data has been available before. Overall, our results showed that angioedema in the Thai population share similarities and differences from published reports from the Western countries. Similar to those reports, more cases tend to be female and with previous history of drug allergy, especially among those with serious complications. We were able to identify angioedema cases that were associated with every class of RAS blockers, even with a renin inhibitor that was recently introduced into clinical practice. In contrast to reports from the Western world, the incidence of respiratory involvement in our study is relatively low. This interesting finding needs to be further investigated and validated. Nevertheless, with increasing popularity of RAS blockers, Thailand and other Asian nations will experience exponential increase in angioedema cases for years to come. Until more data is available, attempts should be made to improve awareness and educate clinicians about key characteristics of RASBA to minimize the risk of this rare yet potentially devastating adverse event in our society.
